We present an analysis of several Hinode EIS observations of coronal line widths in the quiet Sun, up to 1.5 R ⊙ radial distances. No significant variations are found, which indicates no damping of Alfvén waves in the quiescent corona. However, the uncertainties in estimating the instrumental width mean that a firm conclusion cannot be reached. We present a discussion of various EIS instrumental issues and suggest that the strongest lines, from Fe xii at 193.5 and 195.1 Å, have anomalous instrumental widths. We also show how line widths in EIS are uncertain when the signal is low, and that the instrumental variation along the slit is also uncertain. We also found an anomalous decrease (up to 40%) in the intensities of these lines in many off-limb and active region observations, and suggest that this is due to opacity effects. We find that the most reliable measurements are obtained from the weaker lines.
Introduction
It has long been known that coronal lines always exhibit non-thermal broadenings (see the recent review in Del Zanna & Mason 2018), i.e. widths in excess of the expected thermal widths, on the basis of the estimates of the ion temperatures. Earlier Skylab and SMM observations of coronal forbidden lines indicated excess widths of 15-20 km s −1 (see, e.g. Doschek & Feldman 1977; Mason 1990 ). This excess broadening is often interpreted as a signature of waves that are propagating in the solar atmosphere and could contribute to the coronal heating (see, e.g. Hollweg 1978 Hollweg , 1984 Parker 1988; van Ballegooijen et al. 2011) . Variations (both increases and decreases) in the excess broadening with height above the limb have been reported. The decreases in the excess broadening seen in coronal holes and quiet Sun areas have been interpreted as caused by the damping of Alfvén waves in the corona.
We only consider here quiet Sun off-limb observations. There are surprisingly few observations with varying radial distance reported in the literature. The measurements are notoriously challenging, as the signal rapidly decreases off-limb, and there is always a large uncertainty in measuring ion temperatures. Also, estimating instrumental broadenings is often a challenge in the EUV/UV. Doschek & Feldman (1977) measured the widths of several coronal iron UV forbidden lines above the limb and found excess widths of about 20 km/s. Hassler et al. (1990) found increases in the excess widths of Mg x lines, observed with a rocket spectrum. In contrast, SoHO CDS off-limb observations of the quiet corona showed a decrease in the line widths of Mg x (Harrison et al. 2002) . However, an east-west variation of the CDS instrumental width was later found, thus removing evidence of variations (Wilhelm et al. 2005) .
Most of the SoHO SUMER off-limb observations of quiet regions have shown little variation in the excess line widths up to about 1.3 R ⊙ (see Doyle et al. 1998; Doschek & Feldman 2000; Landi & Feldman 2003; Wilhelm et al. 2004) . Seely et al. (1997) found a small decrease in the excess line widths from about 20 km/s near the limb to about 10 km/s up to about 1.2 R ⊙ , assuming uniform ion temperatures for all elements. Landi & Feldman (2003) performed a very detailed analysis, measured the ionisation temperatures, and found nearly constant excess line widths up to 1.3 R ⊙ . The values were higher than those found by Seely et al. (1997) though, about 30 km/s. Landi et al. (2006) found instead small increases, of up to 10 km/s, in coronal lines observed by SUMER out to 1.6 R ⊙ .
In contrast, there are two reported Hinode EIS off-limb observations of the quiet Sun where a decrease in the excess widths were found: Hahn & Savin (2014) measured widths along expected locations of magnetic field lines, while Gupta (2017) analysed a 'quiet' off-limb area close to an active region (which was the focus of an analysis by O'Dwyer et al. 2011).
As SUMER had a much better spectral resolution than CDS and EIS, we can summarise the previous observations by stating that there is no significant evidence for variations in the excess widths of coronal lines in the quiet Sun, out to about 1.3 R ⊙ . Our aim is to analyse further Hinode EIS observations and extend these results to further distances.
As pointing Hinode outside the solar limb is normally not allowed and the EIS slits are aligned in the N-S direction, most off-limb quiet Sun EIS observations have been restricted to about 1.2 R ⊙ . Here, we present results of a special EIS campaign where the EIS slit reached 1.5 R ⊙ , and which we have used to assess line width variations up to such distances. The paper is organised as follows: Section 2 presents a summary of the data analysis and a few instrumental issues relevant for this paper. Section 3 presents a sample of results from this special EIS campaign. As we did not find strong evidence for a decrease in the line widths and found an anomalous behaviour in the strongest lines, we have re-analysed in Section 4 the Gupta (2017) observations. We carried out an analysis of the possible reasons, summarised in Section 5 and detailed in an Appendix. Section 6 presents our conclusions. 
EIS data analysis and instrumental issues
The EIS data have been processed with custom-written software (see, e.g. Del ). The analysis follows closely the procedures developed within the EIS software. The hot, warm pixels, and those affected by cosmic rays or particle events are flagged as 'missing'. The missing pixels are then replaced with interpolated values with a series of interpolations along different directions. The exposures are then visually inspected. As the dark frames (bias) are very variable and unknown, a base minimum value is removed from each exposure (unlike the standard software where an average of the bottom pixels is removed -which causes negative DN in the spectra). A large quantity of dust on the EIS CCD affects the 193.5 Å line, so that area was blanked out during the analysis. To obtain an uncertainty in each pixel, we convert the observed DN into detected photon events, assuming Poisson noise and adding the read-out noise.
In principle, saturation of an EIS pixel should occur at a value of 16383 in data numbers (DN). Indeed the standard software assumes a saturation threshold of 16000 DN. However, we have found some evidence for a small non-linear behaviour in the line intensities when peak counts are above 8000-10000 DN, as described in the Appendix.
The narrow 1 ′′ and 2
′′
EIS slits are 1024 pixels (1 pixel is equal to about 1 ′′ ) long, which are equivalent to about 1024 ′′ . However, when exposures are telemetred to the ground, only a portion of the slits (up to 512 pixels) is downloaded. Regular observations extract the central regions of the slits. A region of the Sun is scanned by 'rastering', i.e. moving in the E-W direction the image of the slits onto the detectors.
The images of the two narrow slits (1 and 2
) onto the detector present several instrumental issues which are different for the two slits. The main ones are a slant of the spectra compared to the detector pixels (Del Zanna & Ishikawa 2009) , and a tilt and width of the spectral lines which vary with position along the slit. We have corrected the EIS full spectra for the slant and tilt by rotation, following the prescriptions in Del Zanna & Ishikawa (2009) . We adopted the same procedure developed by W. Thompson for the SoHO CDS, which suffered similar instrumental issues as EIS. We first rotate the spectra. We note that once the spectra are rotated, a shift along the slit of about 18 EIS pixels has always been present. The spectra in the two EIS channels (short: SW and long: LW) are then corrected for the differences in the solar X and Y. In earlier observations, a shift of about 2 ′′ in solar X was also present, meaning that the SW and LW spectra never observed simultaneously the same region on the Sun.
The cfit programs, developed by S.V.Haugan for the SoHO CDS, were used, with several modifications, to fit Gaussian profiles and a linear background to the spectra in DN. As the EIS profiles are dominated by the instrumental width, they are always close to Gaussian, for the unblended strong lines which we consider here. We have also checked that the total signal obtained by summing the counts over the line profiles is close (within at most a few percent) to the value obtained from the Gaussian parameters (see the Appendix).
The radiometric calibration is only applied later to the integrated intensities. We used the Del Zanna (2013) calibration, although some results obtained with the ground calibration (Lang et al. 2006 ) are also shown. We have also processed some of the observations presented here with the standard EIS software, and found very similar results.
Instrumental variations of the EIS line widths and
anomalous Fe XII widths Observed line widths FWHM typically contain an instrumental width, a thermal width which depends on the ion temperature, and an excess width ξ. Assuming thermal broadening:
where w I is the instrumental FWHM, k is Boltzmann's constant, M is the mass of the ion, and T i the ion temperature. As the widths of the EIS lines are dominated by the instrumental width, a careful assessment of instrumental issues should be carried out. A thorough discussion of the EIS instrumental width and its variation in time, along the two narrow slits and as a function of mirror position is beyond the scope of the present paper. However, here and in the Appendix we present some key examples which are relevant for this paper. Hara et al. (2008) noted in their Appendix that the instrumental widths of the EIS lines in the SW channel must be significantly larger than the values measured on the ground. In most literature, the instrumental widths as described in the EIS software note 4 (Young 2011)) are used. They were obtained from observations in Nov-Dec 2009 and do not have a wavelength (or time) dependence. The main assumption was that the smallest observed widths would provide a measure of the instrumental width. The same observations were used to measure the tilt (Young 2010) .
We have performed our own analyses and found some variations and differences with the values recommended in the EIS software notes. To illustrate the main effects relevant to this paper, we show in Fig. 1 the peak intensities, position and fullwidth at half-maximum (FWHM) of the main SW lines from a 2 ′′ slit observation on the quiet Sun obtained on 2006-10-28 at 11:17 UT (bottom 512 pixels of the 1024-pixel slit) and 11:23 UT (top 512 pixels of the slit) with 5 exposures. We selected the longest (160s) exposures and rebinned the spectra by a factor of 3 along the slit to improve the signal. The dashed lines in the middle and bottom rows are the recommended values for the variation in the position and the instrumental FWHM estimated by P.R. Young from the Nov-Dec 2009 observations. It is clear that some departures from the recommended values are present. In particular, the slit width seems to be overestimated at places.
The first main point of Fig. 1 is to show that the bottom of the 1024 ′′ slit has a much lower width than the central/top part, where the width increases. The initial decrease and then increase in the bottom of the slit is not obvious in other datasets (cf. the Appendix) and is within the scatter of the measurements, which is typically around 3 mÅ. The fact that the bottom is the best part of the slit is the main reason why the special off-limb sequence discussed below was designed to obtain data from this region of the CCD. We cannot think of any physical reason that can explain the differences in the widths of the Fe xii lines. The EIS wavelength range is rich in unidentified coronal lines, as discussed in Del Zanna (2012). However, these are typically much weaker (a few percent) than the strong Fe xii lines. Also, recent laboratory measurements with an Electron Beam Ion Trap (EBIT) do not suggest that lines from other ions or elements are blending the Fe xii lines, see Träbert et al. (2014) . We would therefore expect the widths of these three Fe xii lines to be the same. Indeed there is an independent evidence for this. To our knowledge, the best measurements of the widths of these lines were obtained in second order with the SERTS-95 sounding rocket (Brosius et al. 1998b) . The spectrometer had an instrumental FWHM resolution of about 30 mÅ in second order. In their quiet Sun averaged spectra the 193.5 and 195.1 Å lines actually had lower observed widths than the 192.4 Å line, however the signal was low, and measurements had a large uncertainty. In the active region spectra, the observed FWHM for the 192.4, 193.5 and 195 .1 Å lines were 51.2 ± 3,49.2 ± 3,49.3 ± 3 respectively, i.e. were the same within uncertainties.
On a side note, the SERTS-95 spectra were radiometrically calibrated by Brosius et al. (1998a) assuming optically thin conditions and the CHIANTI atomic data available at the time, so these data cannot be used directly to check the intensity ratios of these lines. We conclude that the larger widths in the two EIS Fe xii lines (193.5, and 195 .1 Å) are instrumental.
Finally, on the basis of the east-west variation in the instrumental line widths found in SoHO CDS, we have carried out several tests on observations of the quiet Sun with the 2 ′′ slit to see if any east-west instrumental variation is also present for Hinode EIS. We analysed both the central part of the slit, and in particular the bottom of the 2 ′′ slit, as the main scientific results presented here were obtained with that part of the slit. We did not find any obvious variations, as shown in the Appendix. in the E-W direction with 60s exposures. As far as we are aware, these are the only EIS observations of the quiet Sun up to such large distances above the limb.
The Sun was very quiet during the campaign, with the exception of an active region (AR), which was at the west limb on May 7. The AR produced a filament eruption, where large non-thermal widths of more than 100 km/s were observed ). On May 10, the main part of the active region was behind the limb, as shown in Fig. 3 . Some emission associated with the active region is still visible in the north portion of the EIS field of view, but the lower part was quiet. An off-limb region about 5 o wide, along the radial sector indicated in Fig. 3 was chosen to obtain averaged spectra, to improve the signal in the far off-limb region. A detailed analysis of temperatures and densities obtained from this region has been presented in Del . A remarkable feature was the nearly constant ionisation temperature (around 1.4 MK) obtained from ratios of Fe x, Fe xi, Fe xii lines, extending to greater heights the SUMER results of Landi & Feldman (2003) . The densities were close to typical quiet Sun values, and scattered light in the coronal lines was found to be negligible.
The signal in the Fe xii 195.1 Å was sufficient to measure its width for each pixel, at least out to about 1.2 R ⊙ , as shown in Fig. 4 . There is an indication of a variation in the width, but with a large scatter, largest at greater distances, where the signal is low, below about 200 DN in the peak of the line (cf. bottom plot in Fig. 4 ). This is expected, as the width of weak line profiles tends to increase. In the Appendix, we show several examples of near-simultaneous observations with different exposure times, where it is clear that a large uncertainty (5 mÅ or more) is associated with the widths of lines with peak counts below 200 DN, as seen here. Note that we have not constrained the upper limit of the width of the line during the fitting process. To illustrate the challenge in obtaining the excess widths, we plot in Fig. 6 the values obtained from the Fe xiii 202 Å line, subtracting a thermal width (assuming T = 1.4 MK as measured from line ratios) and two different instrumental widths. A constant value of 0.064 Å (triangles) provides excess widths around 15-20 km/s, close to some of the Skylab and SUMER results (see, e.g. Seely et al. 1997) . The error bars on the points are obtained by varying the instrumental width by only ±2 mÅ, which is well within the scatter of values we have seen in several observations, and adding a ±2 mÅ uncertainty in the observed widths. The boxes are the values obtained with the instrumental width variation as obtained by P.R. Young (discussed previously) and available within the EIS software. The latter instrumental widths suggest a small decrease at heights greater than 1.3 R ⊙ , although in several places they produce negative excess widths (whenever the observed width was smaller than the sum of the thermal and instrumental widths, we have set the values of the excess width to zeros in the plot).
We have analysed the observations of the week-long campaign, and found similar results, as shown in the Appendix for the 8th of May (see Figs. G.1, G.2) . In this case, a marginal increase in the excess widths above 1.3 R ⊙ is present.
As most of the 2007 observations were affected somewhat by the presence of the active region, we have recently obtained new observations, in July 2018, when the Sun was very quiet.
The pointing was similar to the 2007 observations, in the southwest. As the EIS instrument has degraded and the solar signal is lower, these observations have lower quality than the earlier ones. In this case we also found line widths to be nearly constant, as shown in the Appendix.
Therefore, we conclude that, in agreement with the SUMER results, there is no significant evidence for a variation of the excess widths by more than 10 km/s out to 1.3 R ⊙ . The uncertainties in the observed and instrumental widths preclude firm conclusions in the 1.3-1.5 R ⊙ region. We have re-analysed the same 'quiet Sun' off-limb region analysed by Gupta (2017) , consisting of an E-W region out to 1.25 R ⊙ and 30 ′′ wide in the N-S direction. This was an excellent observation with many spectral lines and good signal. As we have no indications (see also the Appendix) that the instrumental width varies along the E-W direction, its estimated value was subtracted, along with the thermal width. The resulting excess widths measured by Gupta (2017) showed several inconsistenciess, so we wondered if the instrumental and anomaous effects we have found could be seen here.
A case
The FWHM of the three strongest Fe xii lines are shown in Fig. 7 . Both the single pixel values and the values obtained from the averaged spectra are shown. The FWHM of the weaker 192 Å line has a small decrease (2 m Å) with radial distance. The nearly constant line widths in the weaker Fe xii line are in agreement with the widths of other lines: the strongest Fe xiii line, at 202 Å also shows a nearly constant FWHM with radial distance, see Fig. 8 (top) . In the LW channel, the Fe xv line at 284 Å also indicates a nearly constant line width, although with a larger scatter.
Returning to Fig. 7 , we can clearly see two problems. One is that the instrumental widths of the stronger Fe xii lines are larger, as we have seen. The second is that the widths of 193 and 195 Å lines increase where the peak intensities are large, near the solar limb. The width of the stronger 195 Å line increases even more than the 193 Å line.
As already mentioned, we would expect the widths of these three lines to be the same. Furthermore, the intensity ratios of these lines, also shown in Fig. 7 , vary with radial distance, contrary to their expected values, indicated with dashed lines. After an analysis of several observations, discussed below and in the Appendix, we found this anomalous behaviour to be typical and suggest that these variations are related to opacity effects in the stronger lines as discussed below.
The anomalous Fe xii intensity ratios
We have seen that in certain places there appears to be some correlation between anomalous widths of the strongest Fe xii 193.5 and 195.1 Å lines, and anomalous intensities, when compared to the weaker 192.4 Å line. As these lines are the strongest features in the EIS spectra, being close to the the peak of the EIS effective area, they are commonly used in the literature for a wide range of measurements, including line widths, electron densities and temperatures. We therefore explored these anomalies by analysing several datasets. We present here an example case, as a full discussion is beyond the scope of the present paper. More details are presented in the Appendix. Fig. 9 summarises the main results obtained from a quiet Sun east limb observation with an ATLAS 60 study, recorded on 2013-02-14 at 09:49 UT with 60s exposures. There were no active regions nearby, but the Sun was relatively active during this period, so the strongest 195 Å line was almost saturated near the limb, reaching a peak of 10000 DN, as shown in Fig. 9 , top plot. The 192 vs. 195 Å intensity ratio is close to the expected value in the dimmest regions (on-disk and far off-limb), but shows an anomalous behaviour in the brightest regions close to the limb. The 192 vs. 195 Å intensity ratio varies by as much as 35%. Note that the intensity variations are also related to an increase in the width of the 195 Å line. A similar behaviour is seen in the 192 vs. 193 Å ratio (not shown).
The ratios of the Fe xii 192.4, 193.5, and 195 Mason (2005) identified in laboratory plates obtained by B.C. Fawcett a weak density-sensitive line blending the 195.1 Å line. This transition is less than 1% the intensity of the strong line at typical quiet Sun densities, so can be ignored. At active region densities, this line can reach a 10% level, and the line profile becomes asymmetric.
Comparison with the well-calibrated Malinovsky & Heroux (1973) intensities shows exact agreement (within less than 1%) in the ratios of these Fe xii lines with theory , as discussed in Del Zanna (2013). One would therefore expect that these three lines should have a constant intensity ratio, with the exception of active region observations where the intensity of the 195.1 Å line should increase. The 192 vs. 195 Å and 192 vs. 193 Å intensity ratios are in excellent agreement with the expected values in the dimmest regions for the earlier EIS observations. This is because the Del Zanna (2013) calibration was based on earlier quiet Sun observations. With the ground calibration, the ratios are consistently lower by up to 15%. On a side note, in later observations the ratios have often shown decreases (by up to 30%), which would indicate a wavelength-dependent change in the sensitivity over time.
The departures of the line ratios show a clear correlation with the intensities of the lines. As shown with some examples in the Appendix, we have found such departures in both 1 and 2 ′′ slit spectra, in on-disk and off-limb spectra. These departures are normally larger (of the order of 30-40%) in observations where the peak intensities are above 2000 DN, either in quiet Sun or in active region observations, as shown in the Appendix.
These anomalous ratios have gone un-noticed in the literature, but we have found them in earlier (from 2006) and later observations. The strongest departures occur where the lines are bright, independent of the slit used, the pointing (e.g. on-disk, at the limb or off-limb), and the source region (e.g. quiet Sun or active region). Young et al. (2009) reported an analysis of EIS Fe xii line ratios to measure electron densities, but also showed in an Appendix the same Fe xii intensity ratios discussed here. They noted a variation of the ratios along the slit and suggested that perhaps this was due to a change in the instrument sensitivity along the slit. We reanalysed their 2007 May 6 observation and found that also in this case the 192 vs. 195 Å intensity ratio varies with the intensity of the lines by about 30%. Details are presented in the Appendix.
The anomalous behaviour in the intensity ratios is often associated with a broadening of the strongest lines, which in principle could be indicative either of an instrumental non-linear effect in the line cores or opacity. However, this anomalous behaviour does not seem to be related to a possible non-linearity in the EIS detector. We analysed several SYNOP1 studies, where two consecutive exposures, of 30s and 90s, are taken with the 1 ′′ slit. In most cases we found that the anomalous ratios were the same in both exposures. If the reason for the variation in the ratio were due mainly to a non-linearity in the detector, the ratios should be different, as the 195 Å line is three times stronger in the 90s exposure.
We can also rule out any blending in the strongest lines as it would increase their signal, and not decrease it. One effect which would naturally cause these anomalous ratios is opacity. Optical depth effects in coronal lines have rarely been reported, although they are known to be present in low-temperature lines formed in high-density regions or close to the solar limb. ) are shown in the plots (I ob ).
We have selected two regions in the EIS spectra, indicated with 'OL' and 'OD' in Fig. 9 . We averaged spectra in these two regions, and measured the line intensities. Using the Del Zanna (2013) calibration, we find excellent agreement (within a few percent) among the intensities of the Fe xii lines in the on-disk case, as shown in Fig. 10 , as one would expect as this is a much brighter region. The anomaly in the 193.5 and 195.1 Å lines is obvious.
We then performed a DEM analysis of the off-limb region using CHIANTI v.8 (Dere et al. 1997; Del Zanna et al. 2015 ) and a selection of lines, see Fig. 11 . The peak emission is close to the temperature of formation of Fe xii in ionisation equilibrium, and there is very little emission at higher temperatures. The Sulphur and Iron lines indicate photospheric abundances (Asplund et al. 2009) .
Integrating this DEM distribution, we obtain a total column emission measure EM. Assuming a uniform distribution of the densities along the line of sight (filling factor unity), and the measured density (10 ), we obtain a path length of 2 ×10 10 cm. As the absolute calibration of the EIS instrument appears correct within say 20% (Del Zanna 2013), the main uncertainty in this estimate is the absolute value of the Iron abundance. If its value was e.g. higher by a factor of 2, the EM would be a factor of 2 lower, and the path length would be 10 Fig. 11 . DEM distribution for the off-limb region indicated in Fig. 9 . The points indicate the ratio of the predicted vs. observed radiance, multiplied by the DEM value at the temperature of maximum emissivity in each line.
where k ν 0 is the absorption coefficient at line center (at frequency ν 0 ), N l is the number density of the lower level, and ∆S the path length. If photons are scattered within a Doppler profile, i.e. with a Gaussian function in frequency, with a half-width ∆ν D , the optical thickness at line centre is
where f lu is the absorption oscillator strength, c is the speed of light, m e the electron mass. In terms of wavelengths, the Doppler width of a line, equivalent to the half-width ∆ν D , is
, where ∆λ FWH M is the measured FWHM of the line profile in wavelength. So the optical thickness at line centre can be written as
with λ and ∆λ FWH M expressed in Å. For the 195 Å line, f lu = 2.97/4, neglecting the weaker line blending the main line. The population of the lower level can be written as
where N l /N(FeXII) = 0.9 is the relative population of the ground state at quiet Sun densities, N(FeXII)/N(Fe) = 0.25 is the peak relative population of the ion, Ab(Fe) = 3.16 10
is the Fe photospheric abundance, N H /N e = 0.83, and N e is the averaged electron number density. We therefore have τ 0 = 6.9 10 −20 N e ∆S [cm , and assuming the path length obtained from the emission measure, we obtain τ 0 = 0.97, i.e. a significant optical thickness at line centre for the stronger line. Note that the 192.4 Å line has an oscillator strength a third of the 195.1 Å line ( f lu = 0.98/4), so has a smaller opacity at line centre, 0.32.
To estimate how an opacity at line centre of 1 for the 195.1 Å line could affect the 195/192 Å intensity ratio, we assume that the source function S ν (τ ν ) does not vary along the line of sight, and take averaged values of all the quantities. Of course S ν (τ ν ) would depend at each location on the local angle-averaged intensity J ν , even if the plasma is uniformly distributed in density. Note that this simple approach is similar to the use of averaged escape factors, while a proper analysis would require a model of the distribution of the density.
With this assumption, the peak intensity of each line is
while the the line source function S ν is:
with standard notation. 
Conclusions
The quiet Sun off-limb observations we have analysed do not indicate any significant variation in the widths of the coronal lines, up to 1.5 R ⊙ . Some variations are present, but they are within the uncertainties of these very difficult measurements, so we cannot confirm that there is any damping of Alfvén waves in the lower quiescent corona.
Our results, which extend out to 1.5 R ⊙ , confirm those obtained from SoHO CDS and SUMER in quiet Sun areas where no significant changes in excess line widths were found. We look forward to the future measurements in the forbidden lines which will be obtained by DKIST. They will have a much greater accuracy in line width measurements, and will provide a range of diagnostics (see e.g. Del Zanna & DeLuca 2018).
We have carried out an analysis of several EIS datasets and found that the widths of the two strongest Fe xii lines are consistently larger than expected, and we suggest that this is an instrumental issue. We point out that these lines have been widely used in the literature to measure excess widths.
We found that the ratios of the Fe xii lines are often anomalous, and suggest that the two strongest lines are affected by opacity in most off-limb and active region observations. Opacity effects are very common in transition region lines, but have rarely been reported in coronal lines. There were several papers discussing the possibility of scattering of the strongest Fe xvii line at 15 Å in X-ray observations of active regions (see, e.g. Schmelz et al. 1997) . However, most of the discrepancies were due to atomic data and/or blending (see Del Zanna 2011). Kastner & Bhatia (2001) report an analysis of opacity in the resonance Fe xv line at 284.16 Å, and suggested, using line ratios, that the line is affected by opacity in some active region observations.
The fact that Fe xii lines appear to be affected by opacity in many observations has several implications. On a positive note, the ability to measure the optical thickness, in conjunction with an independent measurement of the electron density via line ratios (using weaker lines or other ions), gives us the possibility to estimate the path lengths of the sources. We will discuss this issue in a separate paper.
On a negative note, these opacity effects and anomalous behaviour of the two strongest Fe xii lines most likely affect previously published results. We have also found evidence that other strong lines from other ions are also affected by opacity, so previous results based on widths and intensities (e.g. densities, emission measures) of the strongest lines, especially in active regions and flares should be revisited.
We analysed several SYNOP1 studies (taken on 2006 Dec 23,25,26,29, 2007 Jan 5,6,7,24, 2007 Feb 1, 2007 Jun 8, 9, 2007 Aug 7, 2008 Jan 7). Most observations were carried out at Sun centre to monitor the degradation of the instrument. In the SYNOP1 studies, two consecutive exposures, of 30s and 90s, are taken with the 1 ′′ slit. Having different exposures is useful to assess the uncertainties in measuring the line widths and if the anomalous Fe XII ratios could be associated with a nonlinear behaviour of the instrument. The total intensity of the 195 Å line in the 90s exposure is nearly three times the signal in the 30s exposure (cf Fig. A.2) , meaning that little variability occurred between the two exposures. This is important, as we would then expect that also line ratios and widths to be the same in the two exposures.
EIS profiles are typically Gaussian. Indeed the first two plots in Fig. A.2 show that the intensities obtained from fitting a Gaussian are within a few percent those obtained by summing the intensities across the whole line profile (+/-one FWHM). We found similar results in all observations. We note that the standard way to estimate uncertainties on the parameters of a Gaussian typically produces very small uncertainties in the widths. The second row of Fig. A.1 shows that there is a consistency of the widths in the two exposures, until when lines have peak values lower than about 200 DN. In this case line widths become very uncertain, with a typical scatter of 5 mÅ.
The Fe xii intensity ratios become anomalous, as they vary with the intensity of the lines. The 192 vs. 195 Å ratio varies by almost 40%. Blending cannot explain this behaviour: any blending in the two stronger lines would make the ratios vary in the opposite sense. The 195 Å line should increase its intensity in the active region, as the density-sensitive line in the self blend should become measurable. Instead, the intensity of the 195 Å line, compared to that of the 192 Å line, decreases. The important point is that the anomalous ratios are similar in both the 30s and 90s exposures. If the reason for the variation in the ratio were due mainly to a non-linearity in the detector, the ratios should be different, as the 195 Å line is three times stronger in the 90s exposure. We have seen this behaviour in all observations analysed. Fig. A.3 shows another SYNOP1 example, indicating very little variability in the Fe xii intensity ratios. However, the instrumental effect of the larger widths in the two stronger Fe xii lines is always present. The second increase in the width around pixel 90 is more pronounced in the 90s exposure (panel d), where the line reaches the EIS saturation limit, compared to the increase in the 30s exposure. This is a different issue and is related to a saturation problem.
The overall difference in the widths of the two lines is around 4 m Å (panel g) as we have seen in other cases. However, the difference increases up to 9 m Å where the peak counts are (pixel 90).
Considering first the 30s exposures, where both lines are far from the EIS saturation, we see in panel i) that the ratio of the total intensities of the 192 and 195 Å lines is increased near the peak emission, from a value of about 0.3 to 0.35. Considering the 90s exposures, the ratio is higher near the peak (panel h), an indication of a saturation problem. Indeed, considering the total intensity of the 195 Å line with the 90s exposure, one would expect the ratios with the values obtained from the 30s exposure to be 3, see panel l). However, the ratio consistently drops to lower values near the peak emission. This can only be an instrumental problem, unless the intensities changed only in those locations between the two exposures. The variation is not large though.
Appendix C: Our 2008-11-19 campaign.
In Nov 2008, we ran a campaign to study the line width variations with the 2 ′′ slit, scanning a small region of the Sun (60 ′′ wide) with 60s exposure times. We processed all observations, but found only one set to be useful. Fig. C.1 . This is important, and shows very little solar variability. We therefore expect the solar line widths to be the same. A small brightening was avoided, and 15 exposures were averaged. To further improve the signal, the spectra were rebinned by a factor of 3 along the slit. The variation of the line positions along the slit agrees very well with the values estimated by P.R. Young (shown as dashed lines), but the line widths still show some departures. It is worth noting very little change in the widths in the bottom part of the slit. 
Appendix D: On-disk quiet Sun
We searched for EIS rasters with long exposures and with the full spectral range and the 1 ′′ slit on the quiet Sun and found the first useful one was a study HPW001 FULLCCD RAST 128x128 90S SLIT1, i.e. with 90s exposures and 128 slit positions. In spite of the long exposures, the strongest 195 Å line only reached a maximum of 5400 DN at line centre in a brightening near the limb, see Fig. D.1 . Considering the dimmest regions, there is no obvious trend in the widths of the lines. However, the three lines have a consistently different width and the intensity ratios become anomalous above about 1500 DN in the brightest region, near the solar limb. The Fe xii intensity ratios are close to their expected values ondisk.
We searched for EIS rasters with long exposures, the full spectral range and the 2 ′′ slit on the quiet Sun and found that one of the first ones was an Atlas 120x120 s2 40s with 40s exposures on 2008-01-17. There is good signal in the Fe xii lines. We obtained QS rasters with the bottom of the slit, pointed near Sun centre, to use as a reference, mostly to see if there were any E-W variations in the line widths in this part of the slit. The signal was very low, so only the strongest 195 Å line was usable. Fig. F.1 (top) shows the image of the width of the line, while Fig. F.1 (bottom) shows the averaged values along the E-W direction, indicating no obvious variations. G.1. 2018 July QS off-limb observations out to 1.5R ⊙ As most of the 2007 observations were affected somewhat by the presence of the active region, we have recently obtained new observations with the special EIS study gdz off limb1 60 in July 2018, when the Sun was very quiet. The pointing was similar to the 2007 observations, in the south-west. As the EIS instrument has degraded and the solar signal is lower, these observations are of less quality than the previous ones. Fig. G.3 shows the widths obtained from the two main lines, obtained from a radial sector. As in the 2007 observations, a small decrease around the limb is visible. However, the variation is not significant considering the various uncertainties we have described above. The small increase above 1.2 R ⊙ is also most probably not real, as the lines were very weak. 
